The aim of the studies was to determine significance of parasitoids as biocontrol agents against teafrollers in apple orchards. The studies were performed in different parts of Poland in 1994-2001. An average parasitization level of caterpillars amounted to ca.
INTRODUCTION
A large number of parasitoid species are known to be able to reduce leafroller populations. Zerova et al. (1989) reported on over 200 of them. Balazs (1997) raised 67 parasitoid species as a result of her investigations on parasitization extent in caterpillars of both leafrollers and leafminers, feeding on apple leaves. Many authors shares the opinion that besides weather factors, parasitoids significantly affect the number of leafrollers in orchards (Hasselbach and Dickler 1984; Helsen and Bloomers 1989; Balazs 1991; Ryabchinskaya and Kharchenko 1995; Jenser et al. 1997) .
Most of authors correspond with the opinion that hymenopterans are the most important parasitoids of leafrollers, especially the families Ichneumonidae, Chalcididae and Braconidae (Miczulski and Anasiewicz 1972; Charles 1974; Evenhuis 1974; Miczulski and Koślińska 1976; Angelova 1983; Galli 1984; Osman and Balazs 1988; Piekarska 1989; Piekarska and Kuśmierczak 1990; Balazs 1997; Athanassov et al. 1998; Piekarska-Boniecka et al. 1999 ).
An important factor of reducing the number of leafrollers is destruction of their eggs by oophagous parasitoids. Trichogramma sp. is considered as the most effective parasitoid, and is particularly concerned with those leafroller species which deposit eggs in large layers (Archips rosanus and Pandemis heparana). Dronka (1981a, b) reported that the parasitization degree of eggs reached 50%. Trichogramma sp. parasitizes eggs of other leafroller species too, e.g. Adoxophyes orana, Hedya dimidioalba and Spilonota ocellana (Kolmakova 1965; Bulut 1990 ).
In Poland not much work was done on the role of parasitoids in reducing the number of leafrollers occuring in apple orchards, and insufficient literature data are available (Miczulski and Koślińska 1976; Dronka 1981a, b; Piekarska 1989; Piekarska and Kuśmierczak 1990; Piekarska-Boniecka et al. 1999) .
MATERIALS AND METHODS
With intent of broadening the knowledge on the role of parasitoids in regulating the number of leafrollers, samples of leaf clusters with detected symptoms of injuries caused by caterpillars of leafrollers were collected in apple orchards, located in various regions of Poland. Material for the study originated from unprotected orchards, and typical, commercial orchards protected against pests and diseases, (twice or three times a season) with a broadspectrum of insecticides.
Colledted caterpillars were assorted according to species and then reared under the insectarium conditions, initially in beakers and next separately, in test-tubes, and this is allowed for accurate host deretmination of a particular parasitoid in most cases. Morever, each early spring (at the end of February) of 1997-1999, hibernating egg layers of A. rosanus were sampled for determining their parasitization degree by Trichogramma sp. Each egg layer was placed separately inside a litlle test-tube covered with a tampon. The hatching of larvae from the eggs was checked in laboratory conditions.
RESULTS
During four subsequent years (1994) (1995) (1996) (1997) ) the sample of 8 668 leafroller caterpillars and pupae was collected for purposes of rearing. The share of pupae was inconsiderable (ca. 2%) and numerously presented species were as follows: P. heparana (35.6%), A. rosanus (26.5%), S. ocellana (14.4%), Acleris rhombana (14.4%), A. orana (4.8%) and H. dimidioalba (1.8%). Performed rearing resulted in 2626 (30.3%) alive moth of leafrollers. More than a half of caterpillars (51.8%) died due to unrecognized of factors, and a part of pupae (9.3%) dried up. Nearly 8.6% of sampled caterpillars decayed due to parasitization. Considerable differences in parasitization rate were stated between caterpillars collectedg from protected and unprotected orchards. Mean parasitization degree for unprotected orchards was 13.4% (range: 6.0-32.4%), while in case of protected orchards it was considerably lower, and amounted to 7.3% (range: 2.4-23.5%) ( Table 1) .
A higher parasitization degree was also stated for those orchards where the number of leafrollers was high, e.g. in 1995 at Grudynia Wielka 23.5%, in 1996 at Trzylatków 12.3%, at Długołęka 18.5% and Zduny 15.9%. With a decreased numbers of leafrollers in subsequent years, a lower parasitation level was observed in these orchards (Grudynia Wielka 1996 -7.6%, 1997 .5%; Długołęka 1997 -2.4%). The lowest parasitization level of caterpillars sampled from protected orchards was stated in 1997 (4.7%), possibly as a result of a small number of leafrollers in that year comparing to preceding years.
Among the sampled caterpillars and pupae, 1 490 imagines of parasitoids belonging to two orders were reared, viz. Hymenoptera (97.5%) and Diptera (2.5%). The register of acquired hymenopteran parasitoids comprised 37 species belonging to four families: Ichneumonidae, Braconidae, Eulophidae and Pteromalidae, with 22, 13, 1 and 1 species, respectively (Table 2) .
Among ichneumonids strongly represented were: Campoplex mutabilis (Holmgr.) = C. difformis (Gmel.) - The remaining 8 species composed 4.5% of the total number of individuals of this family. Dipteran parasitoids were represented by 5 species belonging to the family Tachinidae.
The bulk of parasitoids were endoparasitoids. To ectoparasitoids belonged only a few species from the genera Phytodietus, Scambus and Gelis (Ichneumonidae) as well as Dibrachys cavus from Pteromalidae and Elachaertus artaeus from Eulophidae. Species from the genera Scambus and Gelis as well as Dibrachys cavus could be concerned as parasitoids of the 2nd degree (hiperparasitoids). The majority of raised parasitoids were polyphagous in character, being able to develop themselves in caterpillars of lepidopterans belonging to various families. Only Teleutea striata showed to be an oligophagous species connected with the family Tortricidae. Species of the genus Scambus, besides lepidopteran caterpillars settled and developed also in insects belonging to other orders, e.g. Diptera.
The largest share in parasitization of leafroller caterpillars had hymenopterans from two families Ichneumonidae (45.9%) and Braconidae (46.5%) ( Table 3 . maculator and I. alternans were raised from leafrollers' pupae only, the other ones also from leafrollers' carterpillars. The greatest part in parasitization of leafroller pupae fell to I. maculator and A. rufata of the family Ichneumonidae.
The result of conducted studies showed a some preferences of particular parasitoids parasitize determined leafroller species (Table 5) . As far as caterpillars of P. heparana are concerned the largest share fell to the species A. rufidens. Among A. rosanus parasitoids most numerously occurred the species C. mutabilis. This species was also found to be the main parasitoid of A. rhombana, and 97% of its caterpillars were affected by it. In parasitization of A. orana the largest part fell to M. ictericus, while in S. ocellana -to A. quadridentata.
Tachinid flies were occasional parasitoids of leafroller caterpillars. They were raised from caterpillars of four leafroller species and had the largest share (12.1%) in parasitizing of the species A. rosanus.
In the studies conducted over 1997-1999 on parasitization of hibernating eggs of A. rosanus by the parasitoid Trichogramma sp. it was shown that an average level of infection was 9.1%, similary to parasitization of caterpillars, considerable differences were observed depending on orchards and growing season (Table 6 ). In 1999 the parasitization in two unprotected orchards was low and amounted to 0.8 and 2.9% respectively, and the percetage of eggs from which caterpillars of A. rosanus hatched was very high (ca. 95%). In two subsequent years parasitization of eggs increased significantly, and amounted to in 1999 32.4 and 33.9% in the above mentioned orchards. Together with increasing parasitization of eggs by Trichogramma sp., a proportional decrease was observed in the number of eggs from which caterpillar hatched. With the parasitization level of eggs 9.8 and 8.4%, found in 1998 in two unprotected orchards (Klin and Podleśna) the hatching succes amounted to 61.7 and 73.9% of eggs, respectively, while in 1999 with the higher egg parasitization level (32.4 and 33.9%) the hatching succes reached barely 31.4 and 30.2% of hibernating eggs. 
DISCUSSION
The results of presented study revealed that parasitoids should be considered as an important factor to reduce the number of leafrollers in apple orchards. Parasitization of leafroller caterpillars amounted to on average of 8.6%, however considerable differences relating to orchards and growing season (from 2.4 to 32.4%) were stated. A similar parasitization level of leafroller caterpillars (from 3 to 30%) was stated by Miczulski and Koślińska (1976) whilst Agelova (1983) reported a range of 9.6-13.8%, Balazs (1997) -10 to 20% and Athanasov et al. (1998) -a value of 13.8%. As far as parasitation degree of pupae is concerned, the values revealed by Piekarska (1989) , Piekarska and Kuśmierczak (1990) and PiekarskaBoniecka et al. (1999) ranged from 22.5 to 33.3%.
The parasitization level of leafrollers was directly correlated with protection intensity of orchards against pests and with the occurrence of leafrollers themselves. A greater parasitization level was observed in orchards, which were both protected poorer and characterized by a high number of leafrollers. Similar relationships were shown by de Jong (1958) , Miczulski and Koślińska (1976) and Balazs (1997) .
In general, among parasitoids of leafroller caterpillars the most numerous was C. mutabilis (Ichneumonidae). The species showed to be the most effective in parasitizing caterpillars of A. rosanus and A. rhombana, and had also a considerable share in P. heparana, A. orana and S. ocellana, i.e. practically in all important leafroller species occurring in apple orchards. The second important species was A. rufidens (Braconidae), which belonged to the most numerous parasitoid of P. heparana. A. rufidens had also a considerable share in parasitation of S. ocellana and A. rosanus. The importance of that species in parasitizing of leafroller caterpillars was reported by Miczulski and Koślińska (1976) . According to these authors the greatest share in parasitizing of leafrollers in apple orchards had another species -A. dimidiator (Braconidae). It was possibly by due to the fact that in this period of time the pest species most numerously presented in the complex of leafrollers was S. ocellana, and A. dimidiator was just its main parasitoid. A different ranking of importance of leafroller parasitoids was presented by Piekarska (1989) and Piekarska and Kuśmierczak (1990) based on the results obtained from orchards of the province Wielkopolska. Probably the reason was that the bulk of parasitoids in their investigations had been obtained from pupae.
Several species raised by us were indicated as important leafroller parasitoids also by other authors. A high contribution of I. maculator to parasitization of pupae of four dominating leafroller species was ascertained by Piekarska-Boniecka et al. (1999) . Studies performed by Wiąckowski and Wiąckowska (1961) as well as of Miczulski and Koślińska (1976) showed that the main role in parasitizing of caterpillars of S. ocellana played the hymenopteran A. quadridentata. A name of parasitoid species parasitizing caterpillars of leafrollers in Poland was very similar to the one in other European countries (Angelova 1983; Hasselbach and Dickler 1984; Reede et al. 1984; Mey 1987; Castellari 1990; Balazs 1997; Kienzle et al. 1997) .
During the study period (1997) (1998) (1999) in case of A. rosanus it was shown a relatively low level of parasitizing its hibernating eggs by Trichogramma sp. However, obtained results confirmed the opinion on egg parasitoids as an important factor for reducing the population size of that species. The occurrence of A. rosanus in apple orchards of Central Poland became a problem since 1995 and its highest intensity was observed in 1997. That year the highest egg parasitization was only 2.9%. In two subsequent years (1998 and 1999) the role of Trichogramma sp. in eggs parasitizing considerably increased, and at the same time a drop in the number of A. rosanus was observed. The number of hatched caterpillars decreased with the increase of the parasitization level of eggs of A. rosanus. Such relation was also shown by Dronka (1981b) . Possibly, it was caused by secondary affecting the pest eggs by Trichogramma sp. The phenomenon of secondary parasitization of eggs by Trichogramma sp. was stated in the studies on parasitization of Orgia antiqua (Olszak 1992 
